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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical signal 
monitoring system for monitoring a fault/quality 
without depending on a modulation system/signal 
format/signal bit rate when a fault occurs on an 
optical signal path on an optical network for handling 
multimedia services having various modulation 
systems/signal formats/signals bit rates. 

SOLUTION: An optical layer in an optical network system 
converts an electric signal to an optical signal of a 
suitable carrier wavelength and performs signal 
transmission by applying time division multiplexing to 
a plurality of optical signals with a single wavelength 
or applying wavelength division multiplexing to the 
optical signals of a plurality of carrier wavelengths. 
The optical layer does not depend on the modulation 
system, signal format or signal bit rate of a signal to 
be handled. Therefore, by performing the analog 
monitoring of the noise deterioration and waveform 
distortion of the optical signal on the optical layer, 
the fault/quality can be monitored without depending on 
the modulation system, signal format or signal bit rate 
of the signal. By using this method, the identification 



of a fault block and route switching are performed. 
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im*tn*<»mm 

frlEjt<i^a<i«f5©i=ES**vc. a&&3fcy-K<oiiirfE 

->xxAiiffl^icfcaxr-S<D^p B l|ia-e«iifE«^ 
S^<I£SAB#l=filfES)»i#£8BtISPf::f Efi U 

fiMEft£^g&&<Dg&1t@£MEft<i^&4ii£J^£ 
at?**!****'!'*. 

SFtEA«^fDSfFfflfiPfl>3t^F n HS«l=S-^^r. Si 

E3t<i^is8Si= as i+sistg & t-Kjea-t * it* 

c<t£5£iSU &S8IftLfcffiffl£#fc£*JI11!*8£S(r8B<|i| 
«py -V^^^il CT6iJfE3fefi^j5HiS35^roS«iSI8®lffl) 
W^*. 65IE3tm^S<iffl©l=Eg*^fcS«1fl8*il 

*81=£-3lvr:|SS&ttlfl£fr5. AlfEifcffi-SHtHtiSBlce 

SttE3fe<I^Sli«g/§ £ Jt<i^ftK<D^+ 1= -5 MBit / 

-S©^rB^ a m-Cfi5fE<I^«JI«lt«»»lSfiPt?»)!g L 
ftfiBJfe<i#e!SeproS«1t®^|il8E3t«#S{i^©-e 



tiJIB3t<i^ffiKPfiffiSP(=fclt*^^fnSP«(=S^t> 
T. SfIfE3t<i#SgSSl=33l+'5WS<f A:«ceH-r*jtli^ 

SESiiffli^ -v *ji> z m ^TfrfB3t«#ani4g^<7>«a«« 
ffirfiEAii*s*ia^(=BEe$*tfcEa«« 

mtB*ii^sniag©(=aEe**tT. friBitm^ani«s© 
©fFiES«it mfflwm^ & ©g«m«(=srj^TMiB^- 

BIAHS* t * JUtf h C * i: -T 
Xf A. 

[IS*3®3] fIfE3t<l^aHlflS©l=BES*HT. fllfB 
»*BIBIHJg»a>«i(=. OTfBEaift«RSI«a* 

t 2 (=8EtE©3t<l^S«*>X^A„ 

[S#3g4] H!rSE3teU-f-W*, SONET/SDH7 

•V 'J T36gfl>3t<t^l=SES|-r-5 :ti:* y iixg-r •& C t 
fc^afey- K<D^fEJt<t^anii«©tftecD3ty- K<Dfj 
y, 

*^fiiJ8E3te<H§-cmsg«(c. SKJ^zC • i v h • 

hu— k f o (b i t/s) ^*-r*3t<t^$ma 

7Qf7ia»f 1 (Hz) (f 1= (N/M) f0 + 
a. N, . MlilESS, al*t7tf(-a»») T?«JIBSSl 
»fiESEiSHl#<OSifi SU- > 3f >J > ^-T -5 C i (C J: o 

« 1 * 4 ©L^-r^iciEe©jt{i#Effi->x^A„ 
tissue] mtzmtttmmttm&mzmt. 

t'7hU-hf0 (b i t/s) ^*^--5jt<t#i, £| 
UILii^f 1 (Hz) (f 1= (N/M) f0 + 
a. N, MlilEgU alt^-7-tr«V h-HaSa) T?. /<;UX 

♦s*<3t<i^cD^-fAxa-y h<fcy=t,+»ic»u^>^y 
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*JS 1 fct* U 4 (Dl^ftAMcSBKroitll^iSt&i'X'x 
A. 

j&f>^c«>stofc^gEt*^(i (a) * y tssi^ffitEfi 
t^fi (b) *y t«^i!?riB«ratx h^ass***^ 

* BUTT -S^-fliglStSffi^Ki: . 

oj <D**t*tio)mm&mm<im<i>itk LT&**y.&m 
tzct zftmt-rztnxm 5 *f=i* e ictBKrojtm^- 

©#*te£3fcit>. ffiK8£a>K^73£ffIJBfiigL£l.Mli 
(A) iU <5^7J£ffJSB!3U6L£lMe (B) 

£ t f -SB&JRJg 7 l=IBtE©3fc<l^S«->X^A. 
[ffi*JS9] 3tU^£^frPgJgftig£fli**:3t*'V 

i/g^ts^s*^*^ t-v—'. tnmmsiLtztavm 

«IfBgiStflf8*JWfilA^<D|9IES«ia«l=3S^L>T*-y 

ra^gast £jy&-r s c t s^at * slants. 

* i £ «mR^r «K«* 9 l=fB«©3tSHtSo 

1 1 1 itu-r *£#friigjirajt£{i*.f=it* 
it*--/ k«7— 5»*acreai**if=*<i#ffl-s?*«iy 
-ens y ta * Hfc*tm^©m^*rir&tfc&st£ 

fcf>* i:*iSI§A^«i:^ttSl=|iJfB<i#«JI#tfc«a»l3£ 
ffl-eSQS Lfcfi*l*iif mt&&£SEirf -i>*o^tt@fBti 

SPi. ->^^ASffl^l=fc^T-S«DftP B 1P a ^-CfIIB{i 



«Sl©<t*©AKlcfifBt3«Btt©geiSSPI^tB»Ufc^ 

iasB3tm^.&m¥ffi&<oit<i^B D oSii¥fflEi=g-3i'>T. * 
ffi-r * w t $^sti:-r -sitsms. 

s«ii*ss-cJSts**tfcitii^<o-aj*5iyta-r3t»tt 

&3t#fc«T?IDl y 111 * Hfc3t<l^<0<l^»St#ifc«8fc* 
ife t. A^ CiOBg*<<Et^®(=fliIIB<i^«Jt#tt;«a»l3£ 

as-eaiss l #tt{sst * iBtt-r 4 iasjtfuiSfEis 

6P£, *>X7 L ASffi^^*5^-C-ffi<DKraraRI'Cfl8B<I 
AB% lcfItB*D«BttJSIBtiffll=IB1t L fcfl^ 
fcitfl^EISSPi:, 

«fHB*<i#asi¥«ffl5©3t^asp«i=s^t'»r. * 

[fit*J® 13] 3t U^£$frPgJf ffijg£«x.fcit* 
h-7— >©3tlitS*«SI=*5^-C, 
3t*^ K9— 9SaCTe3l**lf=it<i^<D-fiP$Bty 

l:i^>KSA<«:t^tt®l=1^IfB^i#?^ftWifc«»»)S 
flit? SIS L fc«#»8t#it«» £KHf **DSlttfiSfiB1S 
«Jt. i'X^Ailfflftirfc^T-StD^P^Il-cmiB^E 

^a©<S*S9AKl=«rlE«DSS«©IBltfiPI=fiBfiLfcm^ 

fls^r* c t * -r -s^ti^s. 

[0001] 
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[0002] 

[«£3fc<Dftfl51 ft&f#m&m. (OTDM ; Optical Time 
Division Multiplexing) li— t 4 i^^Wl— 

jM-r«>73*T?fe-S= &fi#3l£fi (WDM: Wave 

length Division Multiplexing) I*. — *<DJt7r -f '< 

L-Ceai-rStWefc-S. fit. OTDM, WD Mi 

[0003] @]bih 

■S^JHifejUIfi (SONET ; Synchronous Optical Ne 
twork) /|^8|-rv*.»l//\-f 77+- (SDH : Synchro 
nous Digital Hierarchy) ft<J8l*€>*vci* 
Cl(OSONET/SDHe2l73a'Pli> »*Mft« 

*iei££*T5 fettle /<— ^» K*<5£tf>e>*rcas 

y, /<— K*«i>re-y h ■ -r y— ^ 

K'/CJf-r (Biti Interleaved Parity) i: <fclf*t-&/< 

sms-racf*. ittiSEisiro^i:. uv-snflm** 

[O O 0 4] te7J. 3t<l^*?t©«®Tl£«-r*^i: 
LT. fit*. h/uai^l=«fc-53t<t^S4»WltE 

[0005] 

[0 0 0 6] tC54<. ±E©SONET/S DHfeSI 

h U— h*Mt^H25t*>XBII&;t (NRZ (Non Return t 
0 Zero ; #-tfa&J§) £fcfiRZ (Return to Zero : M 

afgjs) ) icjscfcsm^ (^p*y^amiBiSff. s<m 

-©Sfl£-<?l±ffi§:©tf-;y h L— h^H#K3*«>25IHfl£ 
5t©^lc(i^T?#fcl^ 1^5 -© 
tt*©3fcH#E«i&-l?l*. Jt<l#^BS(<E#l=S»L.f= 

F B l©<t*©EfigT©S*<$S± Lfc*\ *t? £l§]5rf -5 c £ 

[0007] *C>I-. ftX^ K7l<«i]5t£ffll''fctt3fc© 

lt+»i:%x &^t-5sfiJBMw=; «fc -seai^ib^an? 



[0008] w±<Dci:A^b. -9— exfcfcyroam®! 
•tjfes. -c-c. 3t*y x*. ft*a-a*a-ejtt 

:g#3] £ fi ■&:!*:(:: J; y, il<iSg*fi£^-t?#. 

«fc 3 h-7— ^l=SLfc5tli^S«*>X^AI*. 

[0 0 0 9] *SgBJj(*. ±2E©)i5l=«S^Tnc**tfct,ro 

-T7-9— exSHRST?#*«fe5<f. £&B<n?<lfIt4©ES 
L^£*f h9— £i/X^A£Stg|-r.&fc«>©3fcgliS, 

[0 0 10] 

[fsss£fisifc-rafctf>©#K] ±sE@w£iint-f sfc 

tzlt*v h«7— ❖lCfclt*it<i#S«V'X7 : AI=i3^ 

•5*D»i>fc©fEtiffl±:. ->XTA3fflB*l=*>l*T-5£©B# 
RartfllTlftfEre#tt*t#]t&»»5£W-T?S!lS LT»&*l 

^ifi=fiH-r-sit«-i-*<b^7=(*}tii^sflt^*-i=<fcy 

«)tf£fr5, S)IE7t<l#ilHt^lcBEB**i.fcigiESW8 
[0 0 1 1] -taESWfcitftt-f afc*). K3J5«2<7)I6M 
tel+S3t<i#l£«*>XxAI=^tNr. tilfiE3t4.-y h-7- 
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t mvnmm&mi&m t am-* *i**i&m l fcigft© 

SlfE3fc^E«»©E«ffi«£lME*<I*lglI 
S^fiSt*M»fA-*Jl/i:, «JfE3fcfl^n D nSCUF<ISP 

[oo 1 2] cd-e. iu8E*ffi^aniss^(=ES**t 
t. ntERSizni^£ffa>46i=. ffUBEttiirasioffifr 

[0 0 13] ]}iIIE5tU-r-VI*. SONET/S D 

<t * v u 7 sfcgro %n*ic itift-r -s c i (= «fc y s 
ct*<T?$. fe^jty-KofifEite^eniigstte© 

it/ - K©l5FlE3t«#Sfi«S®t©raT?*«#*<«tt* 

»um- * c t s^a <t -r a c t *<i? « s . 
[ooi4] *fc. «iGii«Mii*ifcffftme«a. tr 

•y> U— h f 0 ( b l t/s) £ S&3i 

f 1 (Hz) ( f 1 = (N/M) fO+a, N, MlilE 

«u a 1**7* k js»s) tiBintniito 

[0015] *fc. «riB«#»ft#it«»aiisfflii. e 
hu-h f o (b i t/s) &r*-«jfett4&. «y 

jgLS«SA<f1 (Hz) (<1= (N/M) fO + 



♦s*<jfc<i#©* -f axo k «k y t+»i=»t^i/^y 
«riEffiBaAm#*aa«^i=«aLfcfti=tia 

= t * 1 1 <& - 1 *< t- £ * o 

[0 0 16] *fc % WtE«^»$l*tt:flk»»fiE*Rtt. 

fc*¥^KPBirt<D«riE3te«^<D^fi«-flj*>t.«»stx h 

l#imi (a) jeu txi^memibx 

tfj§iagi*ii£u »jfec«fe«deL*iMi (b) «»; 

ffia-r^ststx h^7A»*ga«g o*itjrr«*M& 
ia»fp«#e:i:> ru^uij t ru^uoj ro-tn-? 

*t©3P^M^ffi«t«^<B^fli^ii)fEffi(St^ s-y^A^- 
fliBBftg 1al^gOA^P.•^•^^-f^^**!), ru^Hj t 
ru^Oj <D-^*l-r*l<D^fll^a<3!)Si:. ru^i, 

u t ru/<7uoj fl>^-ftiro«iSlHSfli<Dia©Jtt 
[0 0 17] *fc, l5IE^fl)MafP«#SI*. «t»)3£3t 

iHi (a) it, «iv*£«rKattLStM6 (b) t-r 

-s c i s^ts 1 1 * = t # ^ . 
[0 0 18] ±IEBW^Sfift-r-5fcto. 155*38 9 ©S&HH 

*Jt»K«P«»fe«fctf»*a«SA^6*'!» 1-9— ^P»* 

ICS-^LXT^V K«7— >(6ISA<±i:fc3tlitS*»Bra* 

[00 19] fnBE«1ff««tliff»&0!>B«m 

« c t * «at -r * c t t<v 

[0O2 0] J:|EBW^)Sfier-5fctf). 1 1 05B 

fcjt«#©-«u*«tyia-r3t»ttst. ^3t^<ss-e«t 
yia**ifc3tfi^©<g^«»wibfl6«isais-r*fi#» 

$t§Jt«3aHS6Pi:, ->^^A©ARlcfeP,*Ni:«)l9§ 
^»5S^tt«K^fE1S-r-&*5)tStt6sfE1iif3Pi:. vXfA 
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t ZfMfc? «, =. 1 £ ft&k *i>. 
[002 1] ±8BSW*jtfiEf tm&-\ 2.0)% 

©3tiits*«isi=fca>T. h r>-<?*m c x&m 

Tj*mmftiz&i*x-&omaf®m>xtii&m^*im i §it 
m&xm&x-m'fe Lxnt>*i*>mmm i gttgkiSio>m$: 

tSLomtttm? zitim&nmm&k zmxtzitm^m. 

&®k. «HB*<t^fpHfFffliai©Jtli^F«SS«l=S-3 

too 22] ±8BBM*iifi6-r*fci(). mtmsoji 
fce#»«teit«tt*iEtt-r*to»i«©iBS«pt. ->x 

t ASfflB* l=fc ixr - soft RS) HRiT?fllfB<i^*tSf#it 

lvC v *t» h9-?f©gA<*±LfcC,fc£ffiI8LT. fit 

* fc £Hff8f * C i: $ #8 t -T * . 
[00 2 3] 

[*MrollJEro»ffi] KIT. EB$#^LT*«B^<©5| 

[0024] ($1(Dltim (A) . (B) 

t. 01fl) (A) l*^ffilI]ia£ffi*4U>tff»fi£©jfc* 
•V hr7— *T?fcy. JfcADMU >*>5f±?4,C;»t(=S*;h. 
•S. *fc. HO (B) |*y •y'>i«/56(OJt^.-v h«7 — 



[0 0 2 5] <b**,e><»l§£=t. h-7— ■>!*. SO 

NET/SDH7U-A«ATMtJl/«I PsVry hfc 

as*.*, -toat^'v k?-* £«)*-f 

K1 0 2 1*. *4i-f 4i i »*fcl*a»»©3t«^2l««IS 

js*j«fciX3t«#e<iia;B (aasmi 04) **A/t? 
— KogflMHtflMA 1 o 4t©p B iT?3t<i^*<»«s**t 

"P. — K1 0 2lzj3l\xltm^tfX)l>-Z*i&m& 
&2lg<t«SJ§J 1 0 4H-CjfclMI4>« 

[0 0 2 6] *3EBJit?[*. 5 1=. 5fclS^g<i«8 

t^^ifflLT. Eare««3t{i^2Hi«s©i;aiy. 

[oo27] 02 icjmshjjosb 1 <j>mmm~i$ttz>% 
ssmss^i o 4 too>m*.w*nt.+. -he©jtu-r^ic 
tt«3*fea4i*3MmMN.ft2 o 2 2 o 

4 feffi«^Sp2 0 6^^Lre3IS&2 1 2 
l=JKAd4i«. 3tm#S<i4g^2 1 BI=J3l«T. A* L 

fcjtm^ro-fflJS^ttS 2 1 8ic«ky#ttu «-ttu 

fc3l£<i^**Jffl L T3t<g#Sffifi5 2 2 O l= J; y 3t<l^E 

a*ff 5,. 

[0028] 3tm^E«aJ2 2 01*. a#»a$ttfftt 

ffS* 2 2 2 £*D»ltt!BfBgfip2 2 4 &ft«*AIIM 
SB 2 2 6<t-C«fifcL. 3t«^stra»ic • V*— -?"J h • 

^tfc«Sl»l3gSp2 2 2l*, »*3lfey-K<Djtefi#a«* 
S202 tffi©*/ — K<D3feli^g<t«Jl2 1 6IBKDC 
3I8S2 1 2£ei£LfcJfc<i^<D<t^*«ft#]tfca£S]5e 
■r-So *3»8tt®IB1tfip2 2 4l*. >>xfAiAKl:fte> 

»c»K*«tfti^«si=a#»a*itff'ikMa«2 2 2 

^«SI#tt«aO><t^. &AB$ICftg)tt®fB1g*?2 2 4 
[0 0 2 9] fc*3t/-K©3tfi#e«aU2 1 6t<fe 

a>%J— Po«ft«KltR2 o 2P B li=i*. ean§2 1 
2ot<6(=. jnt««sa«2 2 o<75Ea««i*5tffi^ai« 

4js©2 o 2~£3£-f sfctfioftiiap^-v*;^ 1 4A<Sftlt 
f»*v. *7=. 3MB*S1MM2 1 6 2 
0 2<©-t*t-f*l|C, EtSffiffl*lffl)Sp2 2 8. 2 1 OA<8$ 

Ea«?8$ii!iBiffl 2 2 s , 21 oi±. 
snTa«2 2 6i=fiit«%«4ARffai=s^r. e 

3IS&2 1 2(=*jlt*BS<Cif(=ieH-r«>3t<i#*4b*f= 
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1 4$iii:-r-\!'y t y-ta. 

[0 0 3 0] *<l^flffl^2 0 2|C^g§«)§gp2 0 6 

*<Ki+t>^*„ ^m\nmmmm^2 1 o(DS«tt»i= 
s-3^t. sss«i^fiS2 0 6(=j;ye2isS2 i 2cojgss 

ioo3i] E3 itxnwom 1 <7>mmj&&<oi/tm^m 

[0 0 3 2] 7t«;?S1 : »f A<4Utt®(DyXf A 

«A^i=ii#«Jt#ttft»ai|3£fP 2 2 2i=fe^T<i#*t 

[00 3 3] X-^-y^S 2 : ±tEX^«y^S 1 figl 
fc^*m#it«»£*!)}«#l§fEffiffi2 2 4 irKtTf 

[0034] xtvT'sa : is*7-M.mmf%tkikitm^ 
«Jt#Jt«»»iSfiP2 2 2(=d3^r-sro^mPi-T?^ 

[oo3 5] xj«;?s4 : m^»8t#it«a^ais-r 

«>cri:(c^<DSIS{i*3t<i#FBSSfli»2 2 6lc<fc^T 

*u»!«!ifBiseP2 2 4©fiiitR-rs. 

[0 0 3 6] : 3fc<E^,SSIP«SP2 2 6 

«<tLrE«1ta*iH»SP2 2 8i=e**«, cc: 

[0 0 3 7] XT-yJSG : Sffi«ffl*IWffl2 2 8(±®l 
W^**;U2 1 4=£ffl^T±8EE«rea^3tm^«iS 

mzozm^mmnMm&z 1 oice*.*,, 

[0 0 3 8] 7f";^S7 : 3tfl#2HifflS©2 0 2<DS 
«fl!«*J»»2 1 0l*S<iLfc-hIHg«1t«l=S^UT 
j&S^=JCCT&mi]tf£ff5 IISP2 0 6l=fi 

[0 0 3 9] Xf«;?S8 : igE&«gfiP2 0 6liS«ffi 
$Bft(l«lfiP2 1 0©fB*(=tto-Ce3lg&2 1 2a>*|8&Wff 

[0 0 4 0] w^t?. <i^M«t#tk«»S]SeP2 2 61= 

I*. Wxli. [1] (DAfl^FqK^-Sfcif* 

fflLx*^t*<-e#s [1] :*#gaspi 1-2 

23 5 7 5^8!) . ^tlf*. KU— h^ll^lKSC 

*>£gu&5ti=t&i;fcg<is (^o-y7atbiHis&. stun 

SS. 7 U-Afctij[5]S&. /N*'J^-f«2lslK*fcl*R8^Iel 
SS^e,'5f*Ky«tli(lS8) *-©sii-e 

[0041] i4. msiti/tm^&n*-* zmmLtz 

E5liit-9-^'?y i/^tvPXa- ?4 1 4£fflU-i>*g 



[0 0 4 2] 04<DmSl-9->^: i J>^vnX3 — ?4 

0 4£ffll>&*§#l*. filrS<Oe-v hl/-hfO (bit 
/s) $^-r^7t^S^iH<t^$7fe^«ffl4 0 2l=<fc 

ymm^sssnm-Kxiftu tat>7'u>yti'P 

X3— 7"40 4l:ioT. BrJtO^ci-v^jgaS&f 1 
(Hz) ( f 1 = (N/M) f 0 + a, N, MligSu 

> ? y > ^-T -6 - 1 iz «fc o X - 5£B#fiS) icfc It £ 

St#tfc{l8HS«$fr5. <I*H&3IfflJI*4 0 6l*t* h<f 

^aiwmm o 8 tm^«*t^ik^»s««i5tT?»ija-r 

">axa-7'4 0 4-efcfc;h&fi#3i&#*j{r>e>ffitSfc 
Xh^A$»«>4. «#*m^ttS8tgP<ISB4 1 O 

I*. ^<0*K)fclfitx h?7Aftt&2.t7£?*Jl'ft« 
© ru^u £ rL//<^oj ru^u 
ij t ru^juoj ^-^t^rospjQM^ficosi:. ru 
^hj t ru^uoj -t^x^os^iaMfiofiKoa: 

[0 0 4 3] @4<0«fiEl±ffl^1?fc^*<. aSlSRl^'Sife 
KU- h*<3fc^&»6p4 0 2(D^«t?»IIS**v 

•6. 

[0 0 4 4] — E50)3t-9->^'y i/^->a^.3 — 
^4 1 4*ffl^^«^li. 3frtf->:7y >^->DXa- 
^4 1 4(=*oT-^^ICfcMt«.<i^S»fl)$»fc 

<i^s»*ans(=i*> [2] i=fett©3fc-9-> 

K. B- I . vol. J7 5-B-I. No.5,pp. 3 7 2-3 
8 0. 1 9 9 2*f) , 

[0 0 4 5] cfl>3t-9->^y>^(*ffii:ffiS<i^*^-i) 
[oo4 6] 3t-y->^y>^->a^a— ^4 

1 4I*. HfSODtf'y l-U-hf 0 (b i t/sj £*Tf 
-Sitli^i:, «yjlLS^S)(*<RlrS«)f 1 (Hz) (f 
1= (N/M) f 0 + a. N, MlilEgU al*^-?-b*V 
KS«»t) t?. /OUX*S*<3t<l#©^'f AXD«; h«fcy 

2O<05ti:S*-53tS^a©^l5:*iBSit<i^^«£±* 
-fcmffl iz is It * £iB)3£-f -5 . 

[0047] fi^aasfiM 1 el*. txh^AMS 
4 1 8 titbit wjt{f.»MSP4 20 tt^mmt 
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•S. tX h$f5AfH«M 1 8(*. *-9-V^'J>^'> 
h^7i.i£*tt5. <I#ttSf^itfliai¥fflifi&4 2 0l±. 
ru^uj £ ru-</uoj ©#•*&£#«>. ru^u 

t Lxms,*iz>m*£*m&tt&iSLzmm?z>. 

[00481 15 ©1»JiEl±0 4 <fc y t K8©ft<g#l=a 

[0049] *(C, 06-09 (=. 3tfi^f 0 H^E-'$' $ 
ft5fl^*Hf#tt«S)tlWSfiP2 2 2|cfcl-fSlE^«$t§ 

[0050] 13 6 CO (A) : Jtt>7"iJ>^i/QXa 

N (middle) = N (total) xDxm 
(fflL. N (total) 'J >?£a. Dl*itg# 

mi*v— (7 J ^i?a«;i'ea6(=fci+*L"<;n ©sg± 

it*) ) T#*3^>:7y>^jSaN (middle) tflttfit 
A<3?L < fcofct £©. m# LtzV^yi) >*jS©g'h 

ml' =2 x { m (middle)-mO' J 

[0057] 08© (B) : 

A=m1' -alphaOnl' -mO' ) 
^"<;U£L£lMtA 

[0 0 5 9] 
[&4] 

B=mO' +alpha(m1' -mO' ) - (4) 

-t?#*.&3$&U"*./U£L£lMlB «SU alpha l±0< 

alpha <o. 5<omm tfcit>. ^ueu^*<u#^<i 

* U^UOW^flTfT'So 

[0060] 09© (A) :08© (B) X&thtzl"< 

1. mOi:@$l£ G 1 . sO^W, 
[0 0 6 11 090(B) : 09<O (A) -Cj^ttfcSFlS 

[0 0 6 2] 
[«5] 

Q= | m 1 -mO | / (s 1 +s 0) "(5) 

[oo63] 010 1*0 6 ~0 9 izm-r <t 5 fc#ia-ef# 
*=hfc##tt&#it«ia©fisax-*0ij£*-f „ -«t 

LT, 1 OGb i t/a©NRZlBJf$ffllV m§(-t>-> 
^'J>-y^fflLNfc„ a I pha©M(*0. 3iLfc. « 

tt*<ao^Lfce-> KKy* (ber> A^jftjrufcQfii 

•5. ISWA<0 6~09©7;U3'JXA-t?#ttfc<E^#S« 



-^4 1 41=* 

[005 1] 06© (B) : ^tlfciSE&ffitt*!*^ 

[0052] 07© (A) :IRtXhy5AC03*.5l 
g U^</U©'h <* l^Tjfr t.Sl^fci: £©«*:<t£ m O ' t 
MS)*. 

[0053] 07© (b) : stgu^./ug*©-*;^ y 
> y jS^ £ 86 u*;u*<>h * i^iciai & o r > ? >J > 

*>*a£8#LT\ 
[O O 5 4] 

[an 

- (1) 

V<)1>& m Gniddl e) t ~t -5 . 
[0 0 5 5] 08© (A) : 
[O O 5 6] 

H82] 

... (2 ) 

[O O 5 8] 
[»3] 

- (3) 

[0 0 6 4] 01 01*. 04i3«J:lF06~09T?^^fc 
T33y. £ft«g£fr5 J:^©S£«ffi«£ L-C*]ffl-C?£ 

[ o o 6 5 ] 01 1 i*»s»a©f&«*<i&'S*i^©siS6 

t'— 5»eH*5?-r. -tIE01 0©«#£H«l=. 1 OGb 
i t/s©NR2<i^$ffitV mtl-9->^y^'y*ffl^ 
fco a I pha©MI*0. 3±Lfc. «ttA<H3£ Lfc If 

f i-Ky$ (ber) *e>»gLf=QfiiT?fcy. ji#i= 

«fci>5tliB©&<I#fiR£<t££l,T(.^„ ««i/><0 6~ 
0 9 © =r y X a-c?* tofcm^»$t©it«a-T? & 4 . 
0 1 i *©Hft©^n-v H**<i^©gltS36S»afli 

*<0 p a/nm©lS^^LTjDy. R©^"n »/ M*3fc 

«^©ait-5«g»aii*<i 4 oop s/nmron&j 

[0 0 6 6] 01 11*. jfe^FpfHr-^fJfflLfcd 

[0067] (Sg2©HSEJKjg) 0 1 2© (A) . 
(B) li*aSM©SB2©HSfe^g|©it^.-y •*©« 

fsfe-rzm&F?. 01 2© (a) li^flsmtas 1 o-& 
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CftlC^iftS. £f=. El 2 CD (B) I*/ 

[0068] 01 2<D (A) . (B) OH *> <b<Dig£- 
pt^-V h-7— ^ffifiKf K5 0 2I*. * 

S<f4SJ§ <if|g<I4SJ§5 0 4) £#A/C*>y. 
- K<D3tSlS<taS^ 104i ffe<03fcy - K(D3tei£Sliag 
©1 0 4ir<DP B TC3t<l^l*«lffl*ih.4. ifcy'-K 
5 o 2(::fc^T5te<I^A<;*.;i'— S=hi>JIo t^Sti-a. 
[0 0 6 91 ±as<DSn©§tJ£H*©i:i5)«i=, jfc<i#e 
<iiSJai=fc^-c3teji#EiB£mv #2is<tasji5fi5icD*ii 

[0 0 7 0] 01 31=. 01 2(D3feiflg<tiSiJ§5 0 4© 
(*i«P«fiECTi&*'ro 0 2(DSSlStteH*IS£P]« 

fcS5fc<t^2HI«8^6 O 2©3fcHHl«§6 O 4l=*>l^T3fc 
U-f-V(=JlR§*tifc3t<i^l*. «SSS«JitS?6 0 6£rt-L 

resK2 1 2i=&ft£4t«. ■?■ Lt, jfe1i#sm«S^ 

2 1 6l=teL\rA*Lfc3tll^«)-«P*fiJfflLT. 3t<l 
#l£1SeB2 2 0C=fe^Tjt<l^S«*fi5. 3t<s#S« 
SB 2 2 01*. <I*t*m^]£fif.&»l5£«fl2 2 2 <k*D»)#Sg 
Kffiffl 224i 3fe<HtfiSli¥ffiffll 226t -T?«J** *t. 

[ O O 7 1 ] 0 1 4 140 1 3 Ojtiitg+a*^ 5 O 6 COM 
»«Sj*0!l£*-f. #«tS*ffi£5 0 6l*. eifl8&2 1 2 

seai**i.T^fcafe<i^*ii*5f-6itii<esi7 1 et. 

lilS£:h.fc3fc<t^CD-6P£ffiyffi-r7fc#«SS7 18i. 
5fc<HtE«S?7 2 0*NP,©KatB«^*l®5 i -V^U2 1 

2.%itL xftrnmsmvum e o 2 m^snif *Kiara*a 
stapes 728t £=frr s. $fc*iis&a>3fc#teg 7 1 s 

l=«fcytf-ttLfc3fc<i^£3fc<t^i£1SSB7 2 0TfflltS 
-tl=<feyi£«1«ffl*f§*. 5fc#<4S&7 1 2 1* 

3fciftS87 1 6C0lSSl=ffl^rtfiL>„ 
[0072] 3te<HtE«6P 7 2 O I*. 3tli^S<t^© 2 

1 eoiftm^umm zotmmz. ®mtmmtt&&. 

mn&7 2 2 i:tD«8tt«§EtifiP7 2 4t3fe<l#f 0 M^fiffi 
SP7 2 6 tvmt&tti. ^CO01 5l=^-TJ:-5tf^ll 

[0 0 7 3] 2KC:. 0 1 5CD7D— T-V— 
T. *:56B^0)^2fl)||fi6^«:fcMt*i!i^lli^SiB^-r 

■6. E3<omi ommmmzisii^tm^u^ 

[0 0 7 4] X^f^S 1 : 3t<i#g<14g^2 1 6 tit 
«»S*ffl!&5 0 6l::fclvc. Bfi^l^ScOvXfA 

SAB#l=11#«$l#it«aSi|SfiS2 2 2. 7 2 2l=fc^ 



[0 0 7 5] 2 : X^ V^S 1 "<?SI5£ Lfcft 

^$t#tfc^»^-?-*l-fHa)*D»tt©fBtlffl52 2 4. 7 

2 4i=*5^risit-r-s. 

[0 0 7 6] Xx->^S3 : ->^. : rAmfflgfl*feai*. Jt 
<l^g<i4S©2 1 6 £3tit*S*Hi£5 0 6l=;fc^T. <1 
2 2 2. 7 22 ICfcl/^T — 3£<DB# 

[0077J xx-y^s4 ■. mmam^ttrnm^mnt 

ZZtlZ. ^*V^*lCD5t<l#SefPfiffifi»2 2 6. 7 26 
2 4. 7 2 4<D<t<!:H:i£-f -60 

[0 0 7 8] X-T'^S 5 : 3fctI^fiSlfF<Iffl2 2 6, 
7 2 61*. SDJMttSfr e»©H^«$t#H;ft«<!roX<t£ 
LT-t*v?*t<DE«1f M«2 2 8. 7 2 

sice*.*, cc-e. m*£*m i sit%&mo>&ito>&& 

L^fcPSS*<Se±Lfc-*£S8iaLfcl8£l*. 

[0 0 7 9] Xf";7"S 6 : ^*t^*tCOSffiffiffi*yffllffll 
2 2 8. 7 2 8(*«»^-V^U2 1 4 £JBlvCK«ffi$R 
^ 3tm#aHl«S^ 6 0 2«)<D£«1t««Ha)»6 1 OtzB 

[0 0 8 0] Xf";7"S7 1 : 3fe<1^3Hi«8© 6 0 2<0 
EtBlf 6 1 01*. 3t1i#S«SS©2 1 6^>3t« 

IS«f«^5 0 6©S«tS«*lffllfi52 2 8. 7 2 8frbi£ 

<b*vc< €.S«1tffi*K^EraP^fiP6 1 2l:fix«„ 

[008 1] Xf"^S7 2 : jfcfi^SHISS© 6 O 2<D 

K^erapsspe 1 2i*##it*scMa!£5 0 6-v>3fc<i^ 

SI€@2 1 6^b3lt»*VT<*E«««*>t>. £<DB 
[0 0 8 2] fcfc. croig^t^SSlEcDSBlftJSiHBi: 
I*. 

*T-v?si3 . %n*%<Nn e o 2 

8P6 10I*. ^JtJt«S*«*5 0 6Af>Jfefi#S<ifliS2 
1 6frt>j£Z,*tX< SgSffiffllCS^t^T^SICKLT 

£fr 5 © * USB 6 O 6 izm fL •& . 
[0 0 8 3] Xf77"S8 :iSKW#ff6 0 6l*i£«1t 

«Mfflifi?6 1 o©m*i=ttoTeai8&2 1 2©g»«e 
[008 4] ai 3. @i tom^tm^ttmiumfcm 

222. 7 2 2lcl*##S:iK [ 1 ] toi/tim&n*-* 

#£B.fltf>& 1 <7>Hte^ST?04~09^ffl^T^Lfci 

asy^fe*. 

[0 0 8 5] *|EB^C73m2C0||J(E^g§<D«J;3l=. 
3tlg(B*«^5 0 6l=T^Pf£«$ffl^-5*a^. ^St 
«(g© * *tT t><f l^m^ SK«-r *> w t |C« S tzth. 
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-tizj: 6«^»$t*hb«»(i»sizpa(DHSic t mm 

[0086] (S3 (DUiiE) &\Z* El 1 6 -El 1 9 
lc H *3SBJ30S&3 0lltef&fg£LT. #<i*tffiS^ = * 
^^5<t^»Jt : tlt«»S']SfiP2 2 2. 7 2 2l:^lU 
m^tt&#tt«fti»£07;Urf U XAOffeO#J£^-f e 

[OO8 7]016O(A) : 05^5^ 

[OO881016O (B) : *S t>« 
[0089] 01 7 0 (A) :SBtXh^7A(D5*» 

Q= | m 1 -mO | / (s 1 +s 

[0 0 9 5] -tfiEOSMfilllSg O. g 1 £ LTf*. *>r 
=m#*i*tiLttZZt±'QZZ> (##*« [3] :D. 

Ma reuse, "Derivation of Analytycal Expressions fo 
r the Bit-Error Probability in Lightwave Systems w 
ith Optical Amplifiers. "IEEE J. Lightwave Techno 
I. , Vol.8, No. 12. pp1816-1823. 1990) „ 

[0096] m40)mi&MB) 02O-023IC. * 

m^*i&mttm&m%.U2 2 2. 7 2 2ic*5(-r&fi^** 
H«6^SSi±T;u=ruXAjcj3^r. L£i*{iA. b£# 

[0097] 020(0 (A) : 0 5O£5fc«J« 

N (middle) =N (total) x d 
OIL. N (total) I*£1^>?U D(*3feft# 

*) ) -etf^-fr^uv^aN (middle) ,tig#<fi 

L£l*flA=2x ( m (middle) 

T?L£lMiiA£5Ktf>&o 
[010410220 (B) :fifitXh^7^5 
^SU^;U^L^l>{lA]U±OfiP^^IE«»flig 1 

IE*g#tfjgOO-£P<tffi5£U «/K2*]*tt£lc«fcy7 
< y'r^LT* L/*JH % U^UOO^flm 1 . m 

Q= | m 1 -mO | / (s 1+s 

[o 1 0 7] ±iE^Baago. guiti*. *>rz 



L#lMtA<tStf)£o 

[00901 01 70(B) :SfitXh^7A05*> 

[O O 9 1 ] 0 1 80 (A) : ftfifcX h^A0)5 
*>. 5»*U^^L*L^*ABl±a>»»*jE*»#g 1 

[0 092] 01 8 0 (B) : 01 8 O (A) £ (Qfll 

cty7^yf>^tt, U><;UOO¥*9{ImO<heUfM@ 

[0093] 019 :01 8 0 (A) £0 1 8 CD (B) 
-C#»fcT«6«mK mO£«*ii«a 1. •0*6 
[0094] 
[»6] 

0) - (6) 

SffllW>?'J>yti/PXa-?4 1 4lc«fc£3fe 
*fcr*04<DJ;3«:««*ffll^cW«-9- 

>^g>^*>px=j-^4o 4ic c fc^mm^>^ , j> 

[00981 0200(B) : • &*lfc3fcflWM6*e>« 

[00991 0210(A) iIBt^K^AOa^ 
3£fi l/^l/0)/h*L^&B^fc £ ^O^felOS^il* 
L£LMtB£5£tf)& e 

[01001 0210(B) : ^ffiU^Ug^Oif>^ 

[0101] 
H»7] 

XM — (7) 

L/^;U*m (middle) £ + &* 
[O 1 O 2] 02 20 (A) : 
[O 1 O 3] 
[88] 

-L£lMlB) - (8) 

otmmmms 1. s oj*w, 

[0 1 0 51 02 3 : 02 20 (B) -C3fctf>fc*Pttttm 

1 . motmrnm^s 1 . s 0*6 

[0 10 61 
[»9] 

0) - (9) 

3t#ffi£ffi£"fac£i-T?££ [3] ) o 

[0108] «r5RLfc**wo*3onte^tsi*. at 
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it. msonmm&m&itv&ztf. nrz<i^*= 

{§U -hit (7) ir^-r<fc-5l=, f- 
[0 10 9] (m5(0§H&fl2H§) 02 4-02 7 * 

m^^a.%sim^2 2 2. 7 22i=*5i+s<i^» 

USSH^IiTyU^UXAdfc^T. L^lMlA. B£3fc 
*>&6P#-A*±&<0:*SEBJJ(0S5 3 ©SlSfe^Jifc 4 (O 

[01 1 0] 024(0 (A) : *t\ 0 5 <0«fc 3 fcffi/S 
Sfflt^fcit-y-^^'JV^vPXzi— ^4 1 41= J: -Sit 
-9->^'J *fcl*0 4 <0<fc 5 tf«Jifc*fflt>fcSS-9- 

[011 13 024(0 (B) : ftt>tltz&&X*;frt>m. 

[0 1 12] 0 2 5© (A) : «*SfcX h-^AOO?** 
8& U^KO'hS L** ft^ CfH^fc £ #(DM*D(0«*te£ 

Q— I m 1 -mO I / (s 1 + s 

[O 1 1 8] ±fE#ffilil8*gO. glirLTI*. 

sitt^fcftjrrs [3] ) „ 

[0 1 19] *S5 5(OSIfifeJ&SSl;J:. »I&(081 4 ©HSfcJB 
(O •? 3. — r -f it t -7 — y & £ ^ o T 23 < 

[0120] mammon*®) fc*>\ *«i§<oim 

I*. fll&LfcSt&<OflS^<0«fit£§gSi?- 4V7 h-7XT 
<0:7P^A3-K£fiE1iL*=tEte«<*£. ^X^rAfc 

tfa.— 5» (SfcliCPU^MPU) *<fiEi§J*t*Ktelrt£ 
-h-fc^fp^Aa — K£8S«*tbU SlffTSCifCto 
Tt. SfiR**i*^il*m3*T?t,3EcL\„ c<0i§6\ IB 
®&<**^&*tii£;hf=:7P?5»Aa- K£t*A<tfT& L 

fcHJ6©^!g(08{fi6$ils-r * z t izu y „ *<o? d 

5 A3 - K £fBtg L 7=8ES«(*I***W £ *Bfr £ C £ 
l=fc*>. ^cO^P^An-K^IEISU ^tzT—yjU 

•S. 
[0121] 

SONET/SDH7U-A^ATM-b;l-«] P/<^»> 



[0 1 1 3] 02 5<D (B) : JgfSt*. h^A<05 

*>, ^au^n!»<L.#L^BiaT(oai»£iEa»*g o 

(0-6Pi:ffi5£U *'J*:ij|t&&£l=£ U 7* y-f 

T. U^;l/0(7>2F^MmOtS^<l^s O^^it^H* 

[01141026(0 (A) : $B*5fc* l-^A±{**> 
b025(O (B) ^*<6fcl8SS6 0£SLBI^fc»*g 
1 x£#«K #flig 1 x(D?*.T?^aU'<;KD^#^73 
A^K^fci: #<OglD<OS:*:fli$ L £IM1 A £5£ «>.&,, 
glxlt. U*7H (O^m&B 1 t^PXTK-f > KO 

[01 1 5] 02 6(0 (B) : #*&g 1 x<05*>T?3*ffi 
U*;U*<L£^flgAKUL<0«W*£lE«#*jg 1<D-fflJ<t 
SSL. £C:*iJ 7* vf>yiT. 

71/ 1 ©JP^ffim 1 £<§J{MIgs 1 £ **l«4l*«>*. 

[01 16] 027 .02600 (B) £025(0 (B) 
T?#tf>*:¥iS<!m 1 . mO^iltsl. sO^b 

[O 1 1 7] 

[» io] 

) - (1 0) 

**W«-J=*t(*. 3tU-f-VlrfcM+*K§Era(0 
US. «£i&«lf£lg&W(::*T5 
[0S(Dffi*ttKH] 

[0 1 1 *«Bj<om 1 ommtemvft* v \~r>-^<r>m 

^*t7"n»^0l!, (A) li^ffilHl^^fltjeS'J^ 
Vm&LG>3t*V K7— f "Cfcy. (B) l*^<vi/i«fiK 

[0 2] **^<0B 1 (0SJfiJK!Bl=fclt*jfcaigm4S© 
1 0 4I*9<D«fi60!l*^t-^P'y^0T?fc.S. 
[0 3] *S8Bi<OS5 1 ©HJE^!B<03t^S«->X^A 
l=*JI+*«SS*lffll(0»i^llH£*-r7P— ^-v- h-efc 

■6. 

[0 4] *f6B^<0«-^S6^®lc*JUT. Sfi-9">^U> 
^f>a^a-^$I ^-5lg$(0«^«$IWit«aaflS 

as<o«<a^i$^-r^p '>f0t$5. 

[0 5] ^^(Oifriite^Sfcfc^r. 3t-y-^^y>-y 
* •> □ ^ □ - in «,Ji ^<o«i#«jt #tt«aaossp 
(0«?fiE«ii*^-r^p -y^iaTJic)*. 

[@6] ^*b^<o^i ommmi-tsi-t&mmiiitmit 
&&mjZ7)i>3 u XA«ogto<ospg£ ^-r«t:0T?fe 
a. 

[07] 0 6lr^<**W(Omi<D^ffi^(;fclt.6m 

^«$i#Jt«a»is r ;u =f u x a $ ^-r «is:0t? & s „ 

[0 8] 0 7(cJS<^^(Omi(O||J6^©lcfcl+i)« 

«»ii*itaftns r iu =• <j x a $*-r «a^0-c & a . 

[0 9] 0 8(=*£<*&BJ©mi(O§tJteH^(=fcN1-S{g 
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#»$tmtfiM&iB'IE 7 JV a' i J X A £ jp-f «i&0 £ . 
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